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[57] ABSTRACT

A water-soluble polypeptide having the characteristics of the
bacteriorhodopsin C helix such that it is largely hydrophobic
and spontancously inserts into a biological membrane as an
alpha-helix. The polypeptide is administered as an aqueous
solution or is contained within the lipid bilayer of a lipo-
some. The polypeptide is modified so that it will interfere
with the helix—helix interactions within the membranes of

adverse cells or is coupled to a therapeutic substance, such
as a protein or pharmaceutical compound, for transmission
thereof through the membrane and into the cell.

10 Claims, 6 Drawing Sheets
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TRANSMEMBRANE POLYPEPTIDE AND
METHODS OF USE

PRIORITY INFORMATION

This application is a continuation under 37 C.ER. §1.60
of U.S. Ser. No. 07/835,707, filed Feb. 12, 1992 and now

abandoned.

The United States government has rights in this invention
by virtue of grant numbers 5 P01 GM 39546-05 from the
National Institutes of Health and DMB-8805587 from the
National Science Foundation.

BACKGROUND OF THE INVENTION

The present invention relates to the field of protein

biochemistry and more particularly relates to a transmem-
brane polypeptide.

A therapeutic substance such as a protein or a pharma-
ceutical compound must move from the site of administra-
tion through numerous cells and tissues to the site of action.
In order for a molecule to pass through or into a cell, it must
first penetrate the cell membrane.

Cell Membranes

Cell membranes are composed mainly of phospholipids
and proteins, both containing hydrophobic and hydrophilic
groups. The lipids orient themselves into an orderly bilayer
configuration within the membrane core with the hydropho-
bic chains facing toward the center of the membrane while
the hydrophilic portions are oriented toward the outer and
inner membrane surfaces. The proteins are dispersed
throughout the hipid layer, in some instances protruding
through the surface of the membrane or extending from one
side of the membrane to the other with some of the hydro-
phobic residues being buried in the interior of the lipid
bilayer.

The barrier action of the membrane often restricts and
sometimes even prevents the passive penetration of many
substances through the membrane into or out of the cell.
However, it is known that the proteins integrated across the
hipid bilayer transmit information from the exterior to the
interior of the cell.

Therefore, a mechanism is needed to facilitate or enable
the passage of substances such as pharmaceutical drugs,
chemicals or proteins across cell membranes.

Helix—helix Interactions

Popot and Engelman, Biochem. 29:4031-4037 (1990),
recently proposed a two-stage model of helix formation for
transmembrane proteins in which the alpha-helices first
insert into the lipid bilayer and then assemble into a tertiary
structure that includes interactions with other intramem-
brane alpha-helices of the protein or with alpha-helices of
other polypeptides in the membrane.

Signal transduction. or the transmission of a signal to the
interior of the cell indicating an event on the surface of the
cell. may be achieved by interactions of these transmem-
brane alpha-helices. Any interference with transmembrane
alpha-helical interactions might interrupt the signal. Inter-
ruption of a signal that confers an adverse effect, such as the
unregulated proliferation of a cancer cell or maturation of a
viral cell, could result in a beneficial effect.

It is therefore an object of the present invention to provide
a compound that can insert into the lipid bilayer of the
membrane of a deleterious cell or virus, and interferes with
the signal transduction of that cell or virus.

It is a further object of the present invention to provide a
method of inhibiting cancer cell proliferation.
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It 1s a further object of the present invention to provide a
method of inhibiting viral cell maturation.

It is a further object of the present invention to provide a
method of delivering a therapeutic agent across a cell
membrane.

SUMMARY OF THE INVENTION

A water-soluble, hydrophobic polypeptide that spontane-
onsly inserts into a cell membrane is provided. The polypep-
tide is used to inhibit proliferation or maturation of unde-
sirable cells such as cancer or virally-infected cells by
interfering with the helix—helix interactions within the
membranes of these cells or is coupled to a therapeutic
agent, such as a protein or pharmaceutical compound, for
transmission thereof through the membrane and into the cell.

The polypeptide is either synthesized or isolated from the
bacteriorhodopsin and corresponds to the C helix in the
primary structure. The synthetic polypeptide maintains the
characteristics of the bacteriorhodopsin C helix by including
a hydrophobic alpha-helical transmembrane region contain-

‘ing one or more acidic or basic amino acids. Preferably, the

amino acids are aspartic acid, glutamic acid, lysine, arginine
or histidine. | |

The polypeptide is preferably coupled to a pharmacentical
compound by a sulfhydryl or disulfide bond via a cysteine
residue included in the non-helical portion of the molecule.
The polypeptide is attached to a therapeutic protein or
polypeptide by synthetically extending the polypeptide
sequence to include the therapeutic sequence. Alternatively.
a side chain of an amino acid in the helical portion of the
polypeptide is modified in such a way that it interacts with
other alpha-helices within the membrane to prevent or
inhibit cell proliferation or maturation.

The polypeptide is administered in an aqueous solution, is
incorporated into the lipid bilayer of a liposome or is in the
form of a lipoprotein particle.

The specificity of the polypeptide for a particular cell type
is enhanced by attaching a target molecule such as a ligand
or receptor either directly to the polypeptide or within the
lipid bilayer of a liposome containing the polypeptide.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic representation of a synthetic
polypeptide comresponding to the bacteriorhodopsin C helix
wherein glutamine, located three amino acids from the
carboxy terminal, is replaced with glutamic acid. The large
grey rectangle indicates the alpha-helical portion of the
molecule inserted within a cell membrane. The light grey
boxes indicate acidic groups while the black boxes indicate
basic groups.

FIG. 2 1s a schematic representation of the water-soluble
hydrophobic polypeptide showing the conformational
change of the polypeptide from an extended molecule to an
alpha-helix for insertion into the biological membrane of a
cell. The grey region represent a cell membrane. The black

chemical ring structure is the side group of the tryptophan
molecule The titratable amino acid is shown as COO— in
the extended molecule and COOH in the alpha-helical
molecule.

- FIG. 3 is a schematic representation of the water-soluble
hydrophobic polypeptide coupled to a drug and a targeting
molecule showing the conformational change of the
polypeptide from an extended molecule to an alpha-helix for
insertion into the biological membrane of a cell. The letter
“L” designates a ligand or targeting molecule, the letter “R”
designates a receptor, and the letter “D” designates a drug.
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FIG. 4 is a schematic representation of the water-soluble
hydrophobic polypeptide contained within a liposome using
the letter designations specified above tor FIG. 3.

FIG. 5A is a graph showing the circular dichroism analy-
sis of the synthetic polypeptide of FIG. 1 in the presence of
dimyristoyl phosphatidylcholine (DMPC) vesicles at vari-
ous pH values. The black squares indicate the initial titration
(down). The open circles indicate the reverse titration (up).
The open triangles indicate the second titration (down).

FIG. 5B is a graph showing the circular dichroism analy-
sis of the synthetic polypeptide of FIG. 1 in the presence of

lipid molecules. The symbols are the same as set forth in
FIG. SA.

FIG. 6 is a graph showing polarized Fourier Transform
Infrared (FTIR) analysis of the synthetic polypeptide of FIG.
1 at basic and acidic pH with the sample tilted at 45 degrees
relative to the incident beam. The upper portion of the graph
is the synthetic polypeptide deposited at pH 9.2. The lower

portion of the graph is the synthetic polypeptide deposited

after the addition of 650 nanomoles of HCI in situ. The
spectral regions corresponding to the vibrations of the
peptide bond are designated by vertical lines.

FIG. 7A is a graph showing fluorescence titration of the
synthetic polypeptide of FIG. 1 in the presence of dimyris-
‘toyl phosphatidylcholine (DMPC) vesicles at various pH
values. The black squares indicate the initial titration (up).
The open circles indicate the reverse titration (down). The
open triangles indicate the second titration (up).

FIG. 7B is a graph showing the circular dichroism analy-
sis of the synthetic polypeptide of FIG. 1 in the presence of
lipid molecules. The symbols are the same as set forth in
FIG. 7TA.

DETAILED DESCRIPTION OF THE
INVENTION

A polypeptide derived from the bacteriorhodopsin C helix
sequence has been identified that is both water-soluble and
largely hydrophobic so that it spontaneously inserts into the
lipid bilayer of a biological membrane. The isolated
polypeptide, or a synthetic polypeptide having the charac-
teristics of the isolated polypeptide, are useful therapeutic
agents for the treatment of a cellular disease or disorder. The
polypeptide is soluble at neutral pH in aqueous buffers free
of both detergents and aqueous phase perturbants such as
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urea. The polypeptide spontaneously inserts itself into the
membrane of a target cell to either disrupt the metabolism of
an adverse cell or to transmit a therapeutic agent, such as a

protein or pharmaceutical compound through the membrane
into the cytoplasm of the cell requiring therapy.

The term bacteriorhodopsin C molecule is defined herein

as any molecule homologous to the bacteriorhodopsin C
molecule. A homologous bacteriothodopsin C molecule is
one that is water-soluble, largely hydrophobic and capable

of spontaneously inserting itself into a lipid bilayer as an
alpha-helix.

Amino Acid Sequence

The polypeptide includes the amino acid sequence of the
C helix of bacteriorhodopsin from Halobacterium halobium
or an amino acid sequence maintaining the characteristics of
the bacteriorhodopsin C molecule, namely a polypeptide
that is water-soluble, largely hydrophobic, and spontane-
ously changes its extended conformation to form an alpha-
helix that inserts into the lipid bilayer of a biological
membrane. The polypeptide is either isolated from the
bacteriorhodopsin molecule of H. halobium or a mutant
thereof by conventional methods or is synthesized by tech-
niques well known to those skilled in the art based on the
amino acid sequence of the isolated bacteriorhodopsin C
helix. Specific alterations of the amino acid sequence can be
made to achieve the desired biological activity while retain-
ing the properties of solubility and spontaneous insertion.

The macromolecular assembly of the bacteriorhodopsin
molecule includes one polypeptide which contain a total of
seven alpha-helical transmembrane segments as described in
the paper of Engelman et al., Ann. Rev. Biophys. Chem.
15:321-353 (1986). These helices have been assigned the
letters A through G with the helix designated “A” proximal
to the amino terminal of the molecule. Each helix contains
approximately 20 hydrophobic and uncharged amino acids.
The amino acid sequence of all seven regions of the bacte-
riorhodopsin molecule is shown below and is set forth in the
sequence listing as sequence identification number 2. The
seven underlined regions of the amino acid sequence below
correspond to the seven alpha-helical transmembrane
domains. The amino acid sequence corresponding to the
bacteriorhodopsin C molecule is shown below in bold.
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-continued

M

SER GLU GLY ALA GLY ILE

VAL PRO LEU ASN IE GLU THR 1EU LEU PHE

MET VAL LEU ASP VAL SER ALA ILYS VAL GIY PHE GLY LEU ILE LEU LEU
Mel vab LuU ASP val SER ALA LYS VAL GLY PHE GLY LEU ILE LEU LEU

ARG SER ARG ALA IIE PHE GLY GLU ALA GLU

GI'Y ASP GLY ALA ALLA ALA THR SER

ALA PRO GLU

PRO SER ALA

The synthetic polypeptide need not have an amino acid
sequence identical to the amino acid sequence of the isolated
bacteriorhodopsin C molecule polypeptide shown above in
bold, but should include a hydrophobic segment of approxi-
mately 20 amino acids that forms an alpha-helix capable of

spanning the lipid bilayer and includes at least one acidic or
basic amino acid within the alpha-helical region that can be
titrated upon changing the pH. The titratable amino acid is
preferably one that having a charged side chain such as
aspartic acid, glutamic acid, lysine, arginine or histidine.
Most preferably, the titratable amino acid is aspartic acid.

At a slightly basic pH, the polypeptide having the char-
acteristics of the bacteriorhodopsin C molecule is soluble,
non-helical and does not insert into the membrane. As the
pPH is lowered the polypeptide changes its conformation to
an alpha-helix and spontaneously inserts into the lipid
bilayer of the cell membrane. The pKa for insertion of the
polypeptide is preferably 6.0 so that at a neutral pH approxi-
mately 10% of the polypeptide molecules are inserted into
the membrane while 90% are peripherally associated with
the membrane, but not inserted. It is believed that the
conformational change from linear to alpha-helix is due to
protonation of the acidic amino acids within the alpha-
helical region upon exposure of the polypeptide to the
increased hydrogen ion concentration.

The amino acid sequence of a preferred synthetic

polypeptide is shown schematically in FIG. 1 and as
sequence identification number 1 in the attached sequence
listing. This synthetic amino acid sequence differs from the
amino acid sequence of the naturally occurring bacterior-
hodopsin molecule by the substitution of a glutamic acid
residue for the glutamine residue located at amino acid
position 34 in the bacteriorhodopsin C peptide sequence.
The alpha-helical portion of the polypeptide begins at the
ninth amino acid from the amino terminal (tryptophan) and
ends at the thirtieth amino acid (valine). The non-helical
portions extend below and above the membrane as shown in
FIGS. 1 and 2.

Modification of Side Chains

As described above, the polypeptide can be used thera-
peutically to interfere with helix—helix interactions of pro-
teins Jocated within the membrane of adverse entities such
as cancer or enveloped viruses. There is strong evidence
supporting the theory that unregulated cell proliferation is
due to the presence of an oncogene encoding a transmem-
brane protein similar to a growth factor receptor but unre-

sponsive to cellular control. For example, the herd-2 or neu

oncogene encodes an epidermal growth factor receptor-like
membrane protein that causes a loss of cell growth control.
The epidermal growth factor receptor contains an alpha-
helical transmembrane region that is believed to interact
with other helices to regulate cell growth. The protein
encoded by the neun oncogene contains a single amino acid
change in the amino acid sequence that either prevents the
helix—helix interactions essential for cell regulation or
causes an adverse helix—helix interaction that prevents
control of cell proliferation.
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Administration of a water-soluble hydrophobic polypep-
tide that either competes with the protein encoded by an
oncogene for interactions with the cell-regulating transmem-
brane protein or interrupts interactions between the alpha-
helix of the oncogene-encoded protein and other alpha-
helices would beneficially modulate receptor function and
allow control of cell proliferation. The amino acid sequence
of such a polypeptide is determined by examining differ-
ences between the oncogene-encoded transmembrane
polypeptides and the normal growth factor receptor trans-
membrane polypeptides. The water-soluble hydrophobic
polypeptide is then modified to include a sequence of amino
acids having side chains that facilitate this type of desired
helix—helix interaction.

The water-soluble hydrophobic polypeptide can also be
administered to an individual infected with a virus to prevent
or inhibit maturation of the virus, such as human immuno-
deficiency virus (HIV), by either competing with viral
transmembrane proteins for helix-—helix interactions or
otherwise interrupting helix—helix interaction between
proximal viral membrane proteins.

Attachment of Protein

The water-soluble hydrophobic polypeptide is used thera-
peutically to transmit non-lipid soluble peptides through the
cell membrane and into the cytoplasm of a cell by extending
the synthetic sequence of the spontaneously inserting
polypeptide to include the therapeutic sequence.

For example, a number of short, hydrophilic peptides
have been identified that provide a therapeutic effect by
inhibiting the intracellular HIV protease molecule. These
hydrophilic therapeutic peptides can be delivered to the
cytoplasm of an HIV-infected cell by attachment to the
spontaneously inserting polypeptide as described above.

Attachment of Chemical Compounds

A membrane-impermeable pharmaceutical compound, or
other therapeutic chemical, is attached to the water-soluble
hydrophobic polypeptide by substituting one of the residues
of the non-helical portion of the polypeptide, preferably a
glycine or threonine residue, with an amino acid containing
a free sulthydryl such as cysteine, and then coupling the
compound to the cysteine residue by a disulfide linkage. The
compound is then transmitted through the membrane into
the cytoplasm of the cell by the spontaneous insertion of the
polypeptide as shown schematically in FIG. 3. The same
goal is accomplished by utilizing alpha amino acids other
than the twenty usually found in proteins. In addition, other
chemical linkages known to those skilled in the art could be
used to attach the compound to the polypeptide.

Attachment of a Target Molecule

The specificity of the water-soluble hydrophobic polypep-
tide for a particular type of cell is improved by attachment
of a targeting molecule, such as an antibody or receptor
molecule, to the polypeptide as shown in FIG. 3. A target
protein molecule is attached by a peptide bond while a target

chemical is attached by a sulfhydryl or disulfide bond as
described above.
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The targeting molecule can either be attached to the
polypeptide as described above and shown in FIG. 3 or can
be inserted into the membrane of a liposome containing the

polypeptide and therapeutic agent as described in more
detail below.

Liposome Delivery

As shown in FIG. 4, the water-soluble polypeptide can be
inserted into a unilamellar phospholipid vesicle or liposome
for delivery to the cell requiring therapy. Liposomes are
formed from commercially available phospholipids supplied
by a variety of vendors including Avanti Polar Lipids, Inc.
(Birmingham, Ala.).

The liposome-associated polypeptide is prepared by mix-
ing an aqueous solution of the polypeptide, prepared as
described below, with reconstituted lipid vesicles. Prefer-
ably the lipid vesicles are reconstituted in a buffer solution
containing approximately 20 mM sodium chloride and 5
mM sodium phosphate at an approximate pH of 8.0.

The liposome can include a ligand molecule specific for
a receptor on the surface of the target cell to direct the
liposome to the target cell as shown in FIG. 3.

If the polypeptide is used for the delivery of a pharma-
ceutical compound to a cell, the lumen of the liposome
preferably can contain additional compound in solution for
regeneration of uncoupled polypeptide as shown in FIG. 3.

Starting at the left side of the liposome shown in FIG. 3
and moving counter-clockwise, a ligand molecule on the
liposome binds to a receptor molecule on the target cell to
bring the liposome close together. A polypeptide coupled to
the therapeutic compound or drug (D) exits the liposome and
inserts itself into the membrane of the target cell, delivering
the compound to the cytosol of the target cell. The polypep-
tide releases the compound and returns to the lipid mem-
brane of the liposome. The membrane-inserted polypeptide
couples to a second molecule of the compound (D) con-
tained within the lumen of the liposome. The polypeptide
exits the liposome and inserts into the membrane of the cell
to deliver a second dose of the drug. The process continues
until the reservoir of drug in the lumen of the liposome is

exhausted.

Alternatively, the water-soluble polypeptide 1s delivered
in the form of a lipoprotein particle.

Alpha-helical Conformation

The well-known spectroscopic technique of polarized
infrared linear dichroism is used to determine the orientation
of the alpha-helical domain of the polypeptide. The orien-
tation of the polypeptide in protein/phospholipid multilayers
is inferred from the dichroism of two amide vibrations.

FIG. 5A is a graph showing circular dichroism titration of
the synthetic polypeptide having the amino acid sequence
set forth in FIG. 1 and sequence listing identification number
1, in the presence of a solution containing small unilamellar
phospholipid vesicles made from synthetic dimyristoyl
phosphatidylcholine. The y axis is millidegrees at 222
nanometers, and the x axis is pH. This graph reveals the
formation of a polypeptide alpha-helix with a pKa of pH 6.0.
FIG. 5B is a corresponding control graph showing circular
dichroism titration of the polypeptide in the presence of lipid
molecules.

Orientation with Respect to Membrane

The well-known technique of Fourier Transform Infrared
(FTIR) spectroscopy of macroscopically ordered protein/
phospholipid multilayers is used to establish the orientation
of the polypeptide relative to the lipid bilayer. The absence
of signal in the regions corresponding to the amide residues
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of the peptide bond indicates a lack of peptide orientation.
An appropriate signal in these amide regions indicates the
formation of an oriented alpha-helix.

FIG. 6 shows two difference spectra of horizontally
polarized light and vertically polarized light with the
samples tilted at 45 degrees relative to the incident beam.
The synthetic polypeptide set forth in FIG. 1 and identified
in the sequence listing as sequence identification number 1
was the sample analyzed in the graph of FIG. 6. The sample
was subjected to FTIR analysis at pH 9.2 and at acidic pH
after the addition of 650 nanomoles of hydrogen chloride. As
shown in FIG. 6, at pH 9.2 no signal was observed in the
regions corresponding to the amide residues, demonstrating -
very little protein orientation. In contrast, at acidic pH a
signal was observed indicating that the polypeptide is in an
alpha-helical conformation and that the helix is oriented
perpendicular to the plane of the membrane.

Insertion into the Membrane

Tryptophan fluorescence studies of a mixture of the
preferred synthetic polypeptide with solutions containing
small unilamellar phospholipid vesicles made from syn-
thetic dimyristoyl phosphatidylcholine at various pH values
can be used to determine the pH at which the polypeptide
inserts into the cell membrane.

FIG. 7A presents a graph showing fluorescence titration
of the synthetic polypeptide shown in FIG. 1 and having the
amino acid sequence set forth as sequence identification
number 1 in the sequence listing, in the presence of dimyris-
toyl phosphatidylcholine. The y axis is flmorescence
intensity, and the x axis is pH. FIG. 7B is a graph showing
fluorescence titration of the polypeptide in the presence of
an polar lipids extracted from H. halobium as a control.

These studies revealed a transition in the environment of
the tryptophan chromophore at approximately pH 6.0. This
transition corresponds to insertion of the polypeptide into
the membrane and translocation of the helix terminus.

Method of Administration and Concentration

The water-soluble polypeptide is administered by con-
ventional means including intravenously, as a nasal spray,
orally, intraperitoneally, intramuscularly, and subcutane-
ously. The preferred method of administration is intrave-
nously.

The polypeptide is either administered as an agueous
solution or is delivered to the site of action by a liposome or
a lipoprotein particle. | |

An aqueous solution is preferably prepared by first dis-
solving the polypeptide in a buffer solution containing urea
adjusted to a slightly basic pH. The dissolved polypeptide is
dialyzed against a buffer to remove the urea.

Most preferably, an aqueous solution is prepared by first
dissolving approximately 1 mg/ml of the polypeptide in a
buffer solution containing approximately 6 M urea, 200 mM
sodium chloride, and 10 mM Tris™ buffer adjusted to a pH
of approximately 8.3. All chemicals are available from a
commercial chemical supplier such as Sigma (St. Louis,
Mo). The dissolved polypeptide is dialyzed against approxi-
mately 100 volumes of a buffer solution containing 200 mM
sodium chloride and 10 mM Tris, also adjusted to a pH of
8.3. The dialysis solution is changed approximately twice.
The polypeptide is then dialyzed against a buffer solution of
approximately 20 mM sodium chloride and 5 mM sodium
phosphate adjusted to approximately pH 8.0. The dialysis
solution is changed approximately three times with 100
volumes of fresh buffer.

Preferably, the aqueous solution contains a polypeptide
concentration of between 0.01 and 1 mg/mi. Most
preferably, the concentration is 0.03 mg/ml.
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The water-soluble hydrophobic polypeptide and method  receptor on T lymphocytes to which the HIV glycoprotein
of use described generally above will be further understood 120 (gpl20) molecule binds. The polypeptide and HIV-

with reference to the following non-limiting example. infected cell are brought into proximity by the affinity of
gpl20 for the CD4 receptor. The antiviral agent is then
EXAMPLE 5 delivered through the cell membrane into the infected cell by

1i diated Polvoentide Deli the spontaneously-inserting polypeptide.
.. “mediat " _ _
posome-mediated Polypeptide Very Modifications and variations of the water-soluble hydro-

Delivery of an antiviral agent to an HIV-infected cell is phobic polypeptide and method of use will be obvious to
achieved by inserting CD4 molecules in the lipid bilayer of  those skilled in the art from the foregoing description. Such
a liposome containing the polypeptide coupled to the anti- ' modifications and variations are intended to come within the
viral agent by a disulfide bond. The CD4 molecule is the  scope of the appended claims.

SEQUENCE LISTING

{ 1 ) GENERAL INFORMATION:

(iii )NUMBER OF SEQUENCES: 2

{ 2 ) INFORMATION FOR SEQ ID NO:1;

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 36 amino acids
( B ) TYPE: amino acid
( C ) STRANDEDNESS: single
( D } TOPOLOGY: linear
( i 1 ) MOLECULE TYPE: peptide
( i ii )HYPOTHETICAL: NO
( i v ) ANTI-SENSE: NO
( v ) FRAGMENT TYPE: internal

( v i ) ORIGINAL SOURCE:
{ A ) ORGANISM: Halobacterium halobium

( x i ) SEQUENCE DESCRIPTION: SEQ ID NO:1:

Gly Gly Glu Gla Asa Pro Ile Tyr Trp Ala Arg Tyr Ala Asp Trp Lecu
i 5 10 15

Phe Thr Thr Pro Leuw Leu Leu Leu Asp Leu Ala Leu Leu Val Asp Ala
20 25 30

Asp Glu Gly Thr
35

{ 2 ) INFORMATION FOR SEQ ID NO:2:

( i ) SEQUENCE CHARACTERISTICS:
( A ) LENGTH: 248 amino acids
( B } TYPE: amino acid
( C ) STRANDEDNESS: single
( D ) TOPOLOGY: linear

( i i )MOLECULE TYPE: peptide
{( 1 11 )HYPOTHETICAL: NO
( 1 v ) ANTI-SENSE: NO
( v ) FRAGMENT TYPE: internal

{ v 1 ) ORIGINAL SOURCE:
{ A ) ORGANISM: Halobactertum halobium

( i x ) FEATURE:
( A ) NAME/KEY: Region
( B ) LOCATION: 10.32
( D ) OTHER INFORMATION: /label=Helix A

( i x }FEATURE:
( A ) NAME/KEY: Region



( i x ) FEATURE:

( i x )FEATURE:

( i x ) FEATURE:

( i x ) FEATURE:

(1x )F

( 1 x ) FEATURE:

11

( B )} LOCATION: 38..62
( D ) OTHER INFORMATION: /label=Helix B

( A ) NAME/KEY: Domain
( B ) LOCATION: 72..107
( D ) OTHER INFORMATION: /label=Domain C

( A ) NAME/KEY: Region
( B ) LOCATION: 80..101
( D ) OTHER INFORMATION: /label=Helix C

( A ) NAME/KEY: Region
( B ) LOCATION: 108..127
( D ) OTHER INFORMATION: /label-Helix D

( A ) NAME/KEY: Region
( B ) LOCATION: 136..157
( D ) OTHER INFORMATION: /label=Helix E

5 ATURE:

( A Yy NAME/KEY: Region
( B ) LOCATION: 167..193
( D ) OTHER INFORMATION: /label=Helix F

( A ) NAME/KEY: Region
( B ) LOCATION: 203..227

( D) OTH

{ x 1 ) SEQUENCE DESCRIPTION: SEQ ID NO:2:

G1lu

1

Thir

Gly

Val

Gly

635

Ala

Leu

Gly

Mct

145

G1lu

Val

Ser

Me t

Ala

Ala

Val

Pro

50

I.,eu

Ala

Ala

Val

130

Len

Thr

Glu

Val
21090

Gln Ile
LLeu Met
20
Ser Asp
35
Ala ITle
Thr Mecet
Tyr Ala
Leu Leu
100
sp Gly
115
Tyr Ser
Tyr Ile
Met Arg
Val Val
180
Gly Ala
195
Leu Asp

Thr

5

Gly

Pro

Ala

Val

Asp

85

Val

I1 e

Lenu

Pro

165

L.Leu

Gly

Val

Gly
Leu
Asp
Phe
Pro
70
:I'I]J
Asp
Me t
Arg
Tyr

150

Glu

I le

5> eT

R INFORMATION: /label=Hehx

Arg
Gly
Ala
Thr
55
Phe
LLeu
Al a
I 1le
Phe
135
Val
Val
Ser

Val

Ala
215

3,739,273

-continued
Pro Glu
Thr Lenu
25
Lys Lys
4 0
Met Tyr
Gly Gly
Phe Thr
Asp_Gln
105
Gly Thrx
120
Val Trry
Leu Phe
Ala Ser
Ala Tyr
1 85
Pro Leu
200

Lys

Trp

10

Tyr

Phe

L eu

Glu

Thr
90

Gly

Gly

Trp

Phe

Thr
170

Pro

Asn

Ile Troyp
Phe Lc¢u
Tyr Ala
Ser Me t
60
Gln Asn
75
Pro Len
Thr I11e
Leu Val
.e_kla 1 1e
140
Gly Phe
155
Phe Lys
YVal Val
Il ie Glnu

L en
Val
I11e
4 5
Leu

Pro

Lenu

Gly
125
Ser
Thr
Val

Trp

Thr
205

12

Ala

L ys
30

Thr

Len

Il e

Ala
110

Ala

Thr

Leu
190

Leu

Val Gly Phe Gly Leu 11e

220

L eu
15

Gly

Gly Met

Thr

Gly

Leu

95

Leu

L enu

Ala

Ar g

175

] 1e

Lenu

Len

Leu

Trp

8 0

Asyp

Val

Thrx

Al a

Ala

160

Asn

Gly

Phe

LEeu
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-continued
Arg Ser Arg Ala Jle Phe Gly Glu Ala Glu Ala Pro Glu Pro Ser Ala
2235 230 235 240
Gly Asp Gly Ala Ala Ala Thr Ser
245

We claim:

1. An isolated or synthetic polypeptide comprising

a polypeptide derived from a bacteriorhodopsin C
molecule, |

wherein the polypeptide includes a hydrophobic water-
soluble amino acid sequence containing twenty amino
acids which forms an alpha-helix capable of spanning
the lipid bilayer of a cell and an amino acid which is
susceptible to acid or base titration.

2. The polypeptide of claim 1 wherein the titratable amino
acid is selected from the group consisting of aspartic acid
glutamic acid, lysine, arginine, and histidine.

3. The polypeptide of claim 1 attached to an agent which
does not interfer with insertion of the hydrophobic amino
acid sequence into the membrane.

4. The polypeptide of claim 1 isolated from a bacterior-
hodopsin molecule of Halobacterium halobium.

5. The isolated polypeptide of claim 1 comprising the
bacteriorhodopsin C peptide.

6. The polypeptide of claim 1 wherein the polypeptide is

10 attached to a ligand molecule that specifically binds to a

15

20

25

receptor molecule on the surface of the cell.

7. The polypeptide of claim 1 wherein the polypeptide is
inserted within the membrane of a liposome.

8. The polypeptide of claim 7 wherein a ligand molecule,
that specifically binds to a receptor molecule on the surface
of the cell, is inserted within the membrane of the liposome.

9. The polypeptide of claim 1 wherein the amino acid
sequence comprises gly gly glu gln asn pro ile tyr trp ala arg
tyr ala asp trp leu phe thr thr pro leu leu leu leu asp len ala
len leu val asp ala asp xxx gly thr, wherein xxx is selected
from the group consisting of glu and gln.

10. The polypeptide of claim 3 wherein the agent is a
pharmaceutical compound.

* . T . &
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